The 2011 off the Pacific coast of Tohoku Earthquake brought serious damage around the Tohoku district in Japan, and much human life and fortune were lost. Bridges were damaged by this earthquake. It was the most serious damage that the superstructures of bridges were flowed out by tsunami. Earthquakes of the same scale are predicted in other areas of Japan. It is necessary to take measures for bridges near coast. Therefore, we have focused on fairing that is effective in wind resistant stability. We have verified the effect installing it to reduce the force of tsunami acting to bridge by experiment.
INTRODUCTION
The 2011 off the Pacific coast of Tohoku Earthquake brought serious damage around the Tohoku district in Japan, and much human life and fortune were lost. Although many bridges suffered damage from this earthquake, the damage in which superstructure flowed out by tsunami was the most serious.
Especially, as for Kesen-Bridge which was erected on National Highway, superstructure was flowed out to about 300m upper stream. Therefore, National Highway which is an important route was blocked off, and it became a significant delay in relief and restoration. Important highways are required to ensure the function, as an emergency route in disaster. It is necessary to carry out tsunami resistant design along with earthquake resistant design. However, tsunami resistant design has not yet been established. Large earthquakes have been predicted in Japan, measures are needed.
Tsunami off the west coast of northern Sumatra earthquake 2004 since occurrence, researches have been advanced about influence on bridge by tsunami. KOSA et al (2007) conducted a damage survey of the bridge by the tsunami of Sumatra earthquake. Furthermore, it is verified by the numerical analysis for bridge damaged. According to the research of Nii et al (2009) , experiments have been conducted to evaluate the tsunami force acting on the RC simple girder bridge. According to 1) Engineer 2) Student 3) Professor research on Zhang et al (2010), they conducted experiments installed fairing on the side of the RC simple girder bridge that was damaged by the Indian Ocean Tsunami. In the experiment, effectiveness of the fairing is shown.
In this paper, we conducted experiments in Kesen-Bridge which is a steel girder bridge, and focused on the effectiveness of two kinds of fairing shapes. One is fairing of Box-shape to be installed so as to surround the bridge girder. Another is fairing of L-shape to be installed on side of bridge girder. We verified whether it is possible to reduce force of tsunami, by installing these fairings.
EXPERIMENTAL METHOD
2.1 Bridge model Target bridge of experiment is Kesen-Bridge. Table 1 shows the overview of KesenBridge, and Fig.1 shows the damaged situation. Main girder was swept away to 300m upstream. Part of the RC slab was swept away to 500m upstream. In rubber bearings, ruptures were seen on bolt and laminated rubber. Piers and abutments had not received serious damage. Considering the size of experimental flume, bridge model was set at scale 1/50 as Fig.2 . Bridge model was made by transparent acrylic. Bridge railing was not installed in the bridge model considering the effect to be small. Waves are generated by pulling up the sluice gate. Experiments were carried out by installing the bridge model to position of 5.0m from sluice gate. Partition plate was installed to split the flume. Bridge model was installed on the right side; current meter was installed on the left side. 
Flow velocity
It is estimated the average of flow velocity of the tsunami is 7.0m/sec (ZHENG 2013), from video of suspended matter to be swept away by the tsunami in the vicinity of Kesen-Bridge. Therefore, the flow velocity of the experimental wave was calculated as constant Froude number.
Eq. (1), (2) and (3) show. Experimental Flow velocity was set to be 1.0m/sec from the equation. Therefore, calibration was performed. As a result, by setting water level upstream and downstream for 25cm and 4cm, experiment flow velocity was found to be 1.0m/sec. However, the flow velocity had not accord exactly with 1.0 m/sec. Because horizontal drag is derived from Eq. (4), measured value is corrected by Eq. (5). In this paper, the experimental value indicates a value after correction. 2.5 Shape of the fairing Two shapes for fairings were prepared. Those are Box-shape fairings and L-shape fairings installed in the side surface. L-shapes were set to five types of F1-F5 shown in Table 2 Box-shapes were set to three types of FB0-FB2 shown in Table 3 . Side shape of Box-shape fairing was adopted F2 which it had reduced the most force according to the past thesis. The Model that has not installed the fairing is called as F0. Fairing is made of stainless steel and the thickness is 1mm. It has been installed in the model with bolts. Fig.11 . Value is corrected to the flow velocity 1.0m/sec.
Fx shows horizontal drag. Fz shows force in the vertical direction, in addition positive direction indicates downward force, and negative direction indicates upward force. Fx shows the maximum value immediately after the wave collides. Fz shows the maximum value of upward 0.1 and 0.2 seconds later, after the wave collision. Thereafter, downward force is maximized. Situation which has received the impact force continued about one second. Between 0 and 1.0 seconds after the collision wave are defined as an impact-state. Thereafter, Fz and Fx have remained stable. Between 2.0 and 5.0 seconds after the collision wave are defined as a steady-state. Experiment was carried out three times and the average was calculated. Table 4 and Fig.12-14 show the value of the force component meter, at F0 and F1-F5 which were installed L-shape fairing. Fig.15 shows their waveforms. By installing the L-shape fairing, horizontal drag Fx at impact-state was reduced about 60-90% compared with F0. In particular, F1-F4 were significantly reduced about 60-70% compared with F0. It is considered that the water flow becomes smooth by installing the fairing to the side of the model. Fz (+) was reduced about 70% compared with F0 on steady-state in case of F3, F4. However, upward force is increased in Fz (+) at the impact-state, it cannot be expected the reduction effect for Fz (+). Compared with Fx, Fz can be seen that dispersion is large. Because air is inside the fairing, the air acted as buoyancy without being discharged. Further, it is presumed that discharge of the air is not constant. (F1-F5) 3.3 Effect of Box-shape fairing Table 5 and Fig.16-18 show the value of force component meter at FB0-FB2 which were installed Box-shape fairing. Fig.19 shows their waveforms. By installing the Box-shape faring, horizontal drag Fx at impact-state was reduced about 40-50% compared with F0. In addition horizontal drag Fx at steady-state was reduced about 60-70% compared with F0. By using Box-shape fairing, better reduction effect of the horizontal drag as compared with the L-shape fairing was obtained. The Box-shape fairing can reduce horizontal resistance value, and so it is possible to smooth the flow of water.
In the vertical force Fz, component forces in both steady-state and impact-state have increased significantly compared with F0. The closed space of the Box-shape receives buoyancy. Table 4 shows buoyancy of the Box-shape fairing. The buoyancy acts as a large upward force, between 36N and 43N. In addition, an upward force is increased in the order of FB0, FB1 and FB2. It seems that upward force was increased because clearance was narrowed, by the fairing was inflated to underside of the main girders. 
Conclusion
The experiment was carried out using a model of 1/50 scale of Kesen-Bridge which was damaged by the tsunami in the 2011 off the Pacific coast of Tohoku Earthquake. Purpose of experiments is to verify the effect on the force acting to the bridge by installing Box-shape and L-shape fairing. By considerations on results of experiments, the following conclusions were obtained; 1) By installing the L-shape fairing, it was possible to reduce 60-90% horizontal component force (Fx) at impact-state, as compared with the case of not installed. And in the steady-state, it was possible to reduce about 70% for vertical component force (Fz) in F3 and F4, by installing L-shape fairing. Therefore, it was found that it is possible to reduce component force of both horizontal and vertical, in F4 and F3.
2) Box-shape fairing was possible to significantly reduce the horizontal component force. However, the vertical component force is increased greatly due to the influence of buoyancy. Therefore, it is necessary to solve the problem of buoyancy.
Future task is to examine the fairing shape that can be reduced buoyancy. In addition, experiments on the Influence of the fairing angle are planned for reference data to design.
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